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Abstract 
A wireless motor control system based on the ZigBee protocol was designed and implemented in this paper. As a 
main controller, CC2430 wireless module was used in this system. The design of hardware and software system was 
described in detail. This motor control system can be used to implement effectively the control function for the 
Brushless DC motor (BLDC)．Experimental results show that the design is reasonable and feasible. 
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0. Introduction
Wireless sensor network technology is one of the most influential technologies in the 21st century.
ZigBee wireless network has been applied in the gas meter data collection, hydrogen-cooled generator 
monitoring, automatic meter reading and other systems, as well as printing machinery, 
paper machinery, textile machinery, industrial robots, high-speed elevators, CNC machine tools and other 
important industries. 
Stepper motor is an open-loop control device which can be used to transform electrical pulse signal to 
angular displacement or linear displacement. Controller based on single chip microcomputer is often 
applied in stepper motor control. Such as the speed of stepper motor is controlled by AT89C52 single 
chip microcomputer[1], a speed adjusted[2]controlling system based on AT90S8535，stepper motors have 
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been controlled by sM8954A[3], SPI interface has been used to communicate with microprocessor to 
controlled the DC step-motor[4], 8-bit single chip AT89C2051 was took as the control core，a two-phase 
hybrid stepper motor driver based on the one-chip computer controlling was designed[5] and a design of 
the stepper motor-controller module based on CAN was put forward[6]. In the research of DSP and 
ARM，such as a system which can meet the controlling requirements, upload condition data by file CAN 
bus[7]，using dual DSP system achieved parameter identification and speed senseless vector controlling 
for induction motor[8]，ARM processor was used as the control core of intelligent light[9]. In addition, the 
eleventh reference introduced the control system of DC motor with LMD18200. In order to realize the 
long-distance controlling of brushless DC motors (BLDCM), the twelfth reference adopted the half 
duplex RS-485 master-slave network． 
The current motor control systems are based on the wired data communications. Such systems are 
useful for the short situation controlling. When there are a large number of controlled objects, the 
wireless controlled system can send control signals immediately. So the operators can control 
remotely the motors to work, then efficiency and safety are improved. 
1. Overall design plan 
A wireless motor control system based on the core unit of the CC2430 chip is introduced in this paper. 
CC2430 is used as the core of the terminal controller in this system. The system composes of 
ZigBee wireless module, BST7960 drive circuits, power circuit, targeted motor, relay circuits, spare 
communications circuits, the opt coupler circuits, and so on. Many factors being considered, the system is 
designed with the advantages, such as small size, simple structure, good stability, strong anti-interference 
ability, low cost, versatility and so on. System’s block diagram of the overall design is shown in Figure 1. 
 
 
Fig. 1. System’s block diagram of the overall design 
2. Introduction of ZigBee protocol stack architecture 
Although it is based on the standard Open Systems Interconnection (OSI) model, only those layers 
involved in the ZigBee are defined.  
Compared to common wireless communication standards, ZigBee protocol is compact and simple. 
More RAM is needed for master node of the network to store the device’s information, packet forwarding 
table, equipment association table, the key storage related with the security and so on. 
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3. Hardware Design 
3.1 CC2430 module 
0.18μm CMOS processing technology is used in the chip CC2430. The chip has characteristics of 
sleep mode and short-time switching, which are suitable for the applications that require long-life battery. 
 
RF’s input/output is high impedance and differential. Transmit and Receive (T/R) switch circuit is 
used between the low-noise amplifier and power amplifier. There is a virtual ground point to provide bias 
and does not diminish the performance of the antenna. CC2430 node module is shown in Figure 2. 
 
Fig. 2. CC2430 radio module diagram 
3.2 Optical isolation module 
The coupler is designed with the photosensitive element and the light-emitting component. And the 
electrical signal is transmitted through the conversion about electrical → light → electrical in it.  
 
Fig. 3. Coupler circuit 
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The rotation angle of the motor is controlled by the single-chip PWM output in this design. 
Input signal is transmitted to the photodiode through the TLP521’s optical channel and put into one of 
the AND gate after the conversion. The other input of the AND gate is the enable port. 
 
3.3 BTS7960 drive section 
Shown in figure 4, two half-bridge smart power driver ICs that BTS7960s are combined into a full-
bridge driver. The switching of BTS7960 is controlled through the 25 kHz frequency pulse-width 
modulation (PWM) signal. It realized the positive/negative PWM driving; reverse braking, braking and 
other controlled statements of motor.  
 
Fig. 4. Full-bridge driver circuits with two BTS7960 chips 
The drive module can be made little by using two BTS7960 chips, so the weight of the circuit board is 
reduced. Moreover, the driver chip is not very hot. The pressure drop and the motor’s noise are also 
reduced.  
3.4 Spare communication circuits MAX485 
To ensure the program is available when the wireless control system had problem, a wired 
control system which makes MAX485 for the main chip is used in this design. 
For the PC only has the RS232 interface as default, the RS232 signals from the PC serial port are 
transformed into the RS485 signals through RS232/RS485 converter. Then the PC RS485 circuit can be 
got from the host computer.  
Controlled-side circuit is shown in figure 5. 
 
Fig. 5. The PWM control schematic of DC motor  
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4. System Software 
The flow chart of this design is shown in figure 6. Firstly, the coordinator and the every node are 
started and initialized by power. Then, the coordinator waits for the nodes to join in. Finally, the motor is 
operated by the coordinator which can control the level of timer through nodes. 
 
Fig. 6. The flow chart of main program 
In the network coordinator, CC2430, LCD and the stack are initialized firstly. Then the interrupt is 
opened, and a network is formatted. The physical address, network ID and channel number can be seen 
from 57600, 8, N, 1 serial ports by Serial Assistant. Finally the value of key can be tested and sent by the 
loop function named LampStateDisplay (). The flow chart of coordinator is shown in figure 7. 
 
Fig. 7. Flowchart of the coordinator 
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In the RFD node, CC2430 and the protocol stack are initialized firstly, and the signal is sent to join the 
network secondly. Then it waits for the routine nodes’ responses and distributes network addresses to 
themselves. RFD node’s flow chart is shown in Figure 8. 
 
 
Fig. 8. Flow chart of RFD node 
5. Conclusions 
A wireless welding motor control system is proposed in this paper. The ZigBee of the 
wireless technologies has been well applied to this design. Long-range motor is controlled in this article 
and the performance of the motor system is also optimized with the advantages such as cost-effective, 
good universal, scalable function and so on. This design has much room for development in the industrial 
controlling, sensor networks, automation systems and other fields. Therefore, it has high reliability 
and energy efficiency. 
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